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The stndy of tho voinmetric mechanical charactsristics of ludbricants is de-
velopieg in the following mein divectious: (1) the study of the flow to frickisn
poiote and delmrior in different fristion points; (2) the stuldy of condit!onal
wechanicsl characteristios (penstration number, eto.) with the &id of sisple in-
ctromenie ia which, however, the simplesmt and most definite teal conditions are , ' o B
ne! phpeinelly realized; (3) ths ztudy of elementary mechanical charasteristics
sach as oMetioity, viscosity, oto., vhioch are found in the simplest amd mopt =
physionlly soourate coniitions possible; ‘i) the establishment of tie relation be-
tween olementary and conditiooml mechanionl obarecteristios of lubricants and thelr
bebavior in mohines.

e

In the first dirction, the grsatesi nuiher of studies which merit attention
aconoens the stody of uiie behavior of lutaricants in rollsr biarings «od the study
S c of their vissous flow. Hexe the love-tempereturs ohersoteristios of the lubricants
s o : are important. Also inpcrtant are ths low-tesperature limit of their use anmd the

- changy of visvous flow with the tsagerxature and the moment needed for turniog the
e Jouraslin the bdonring with a definive velooity.  Anoths> prodlem is the opsrating
. = . euaiiticos of the labricant in bearings at high temperatures at which the ofl

B » ssparates from the lubricant and the oaidation of the compoments osusss s2aling,
a ! ete. Much attention was devoted ip the US to the stuvdy of low~temperstnre

sharecteristios and high-tesperature stability of lubricants, and standaxd test.
asthole have been developed as a result cof this. )

Yarious oonditionsl sschanioal oharasteriztics of lubricants bave been sug-
wostsd. The methol of evalusting thelr coesistency with the use of so-called peus-
tronaters has receivel the most development. The resulte attained bty stodying the
penetration nymbars of lubricants are out of all proporilon to the gquantity of
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published works on this problem and the work oxpended on them. The only conditicnal A
meghanical cbarecteristios which. deservs.attention sre those which ¢an be: ensountered ERtes R
in the study of the clemontary cheracteristice of lubriossts. 1 conasction with BRI
this, the work of the Rebinder school s important, It has shown how the penstro- i R

meter should bs modified to uss it for studying the elementary mschanical obarso-
teristios of lubricants.

In studying the elomentary mechenissl charmoteristics of lubricansts, basic
attention wae given to the determination of thelr visconity end weximam sheay
stross. However, very lLittle progress wac msde in thase ¢%rections. It ie suf-
fioleat to show that until recently the influonos of tea cisture on the effestive
rigousity of Lubricents wam unknown. The olastioity charesteristice of lubri-
oants vers neglested as well as the ohangs from elastic deformation to Pplassio
llﬂ', eto. : '

Among the studies in whioh the connection betwsen the mechanioal oharacter-’
il istics of lubricants ani thoir behavior at weperats points and the flov towrds
* T i then was stodied, the effort of Vellkovekiy to cmaneot the effective viscoaity of
; e T ludricante with their opezaticn in an actual bearing i¢ of the grestest interest.
e Rosearch on modeling the prooesses coouring in various friotion points, which was
nopoexietent, unti) rocently, ie vital to the Gevelopment of this moat important
trend in the stody of the mechanical properties of lubricants.

It is-scarcely necessery to polnt out that the study of the behavior of
lubricants i friotion jointe of msohinss should be based on their elewentary
mochanios) olaracterietics, to which reference is now mde. Withim the Mmite of
oue paper, only the main trends and yroepwuts of the experimental study of these
characteristlos can be stroseed. o Sl e

B 1gtiocy of

The diffionlty of studying elastio lubricants 1s: (1) the absolute values
of the dimensioosof the (reversible) deforsation are very small; {2) it 1a par-
tioularly 21fficult to work rith snoh sheer stresses, when the lubrioants behave, ..
ab firet giance, as ideslly alastic bodles whowe deformation is not dependent on AL
the $ime of the aotion of the load. .

e e Oonaidering these d1fficulties, 1t was nececeary to develop a msthod of . i
stolying the elastio oharmoteriatios of lubricants which would allow an oninter- = .

rupted, wubomstio reglotretion of small dimensions of deformation at ohanging .
and constant stressos and temperatures. The apparatus comprised a bress oslinder, .
by means of #iok it was possidle to stody the kinecic, elsstio and plastic de-
formticn of ludricents. A oylindricnl oore oo an slastio thread war suepsnded
in 16. A ocoastant or wliermating morest oould be cpplied to the elastic thread
thue indusing & shear stress T oo the snrface of the oore. The labriosnt was put
into the oylismder flush with its olge, so that the care of eimple shear in the
oylinirical ring wes realized. A mmsll mirror wes fitted in the upper pavt of

s e e the oare, and the beam of 11ght reflected by it was photogmphically reocrvied on &
S e rotating dram. The apparatus coull bo smintained at vartons Cemperaturee by meens
A T ’ of a themmostat. )

The elustic oherecteristios of various lubricants vere studiel, more wpeoifi.
cally gresses, sinoe this $s the most Juamon tspo of lubricant. On the other
band, their elastie charecteristios are less well defined then, for example,

. "konstalin.™ Consequently, they sre more d1fficult objests of study.

The grease wee espacially prepared on an industrial ansic from a Noggur
dlstillato (Vzo0 = 90;-V. 80 = 3k; V, 530 = 3 oentistokes), solidified 14.2 par-
osat by weight of Ca-scaps cbtained ponilication of cottnumesd ofl with a
. Tatty 801 nvmber of 185. The greass contaliosd 2 percent weter, 0.6 peroent non-
Y o sponifist il and Mol a free asidity of 0.6 pexceat as compared with olelo acid.
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The hot grease (70 - 80 Gegress C} was poured into Lhe apparatus in which it R
R remained at room temperuture for 14 te 16 hours. After this the kinetics Of 488 . e
RS T deformation were studied. Ooe of the photograws cbtaiced is shown in Figure 1, o P
a " whers the sbucissa 1z the time and the ordiuate, the rotation of the oore (ex-
presuci in anglea of turn of tho cors which was f{mmersed in the ludrisant and
suspended on tbe elastic thraad).

With refersnce to Figare 1, at t = 0, there was appliel a shear stress of

= 5.75 g/aq om. At point B, ths lcad va® removel. Similarly in polats 0y,
O, O3 shear stresses equal to 6.90; 8.08; 9.20 g/ey cm were spplied. Seotions
Oyhy, BjOy, eto., correspond to elastio deformeticos which ooonr so fast that no
trage is hﬂ; on the photographio paper. These elsstic deformaticis are divectly
proportionsl to the shear stress. It 1s very important that they have tho ceme
size whon removed as when applied. Py ueing the photogram (Figare 1), the stress
#odulus oan be caloulatsd for the grease, which at 10 degrees © is equal to
8.% x 10.3 kg/sq wx.

Fzom an examination of the photognem, it is also olear that lines &B, “131

€01, ©,0,, are mot horisontal straight linss. Their inclication iooreesss

uditv with the growth of ths shear stress; tha deformations of the grease,
aven though they alter at a constant stress, nevertheless remim revereible after
the removal of the loed.

’..n' ’

The owrves AB, A1By, (1), Cy0s,..., correspond to the effept of the elastic
resbtion in the greage. Lines A%, AyBjy; ..., are calleA dirsot resctions, which,
asscord ing to Bingham'oc supposition, alsc bave elswtic pre-effscts. Idines €0y,

10ps.-., aF8 onlled reverse reecticas or simply rexstlons. ’

The phenomeon of elastic reactieon (also called reverse orecp) were discovered ' .
sore than a hunired years ago by Weber while studyiog silk throads. Since then
they have besn chiefly studied in metals where these phenomena have an important
techmisal significanse. Thie is, apparently, the first attempt to desoribe eolastic
reaotions end oreep of lubricsats, although they are vexymarked and essentia)l for
undexrstaniing the elastic oharacteristios. : :

In omell shea> stresees shown above, the gremses, even though tiey do not
s conduot theuselves as ideally slastic bodies, to use Byurgers' terminology, are
- completaly elaatic solid bodies, sigse their deformation is in tims »eversible. -
- L Othex bolios are imown, in particular high polymers, some of which have similar
oharacteristios.

At higher streesss, the pre-effeot and eolastio remction is consiierably in-
X oreased, as is olear from the photogram (Figare 2) vhich is an exteasion of the e B
A i photogran (Figure 1). As the stresses inoreaso, the nonraversible residusl de- i
forsation also inorsases steedily. At Tainy high stresses the procsss of flow .
bagins.

e S : Cuzves (Figure 2), taken at & constact shear stzoss " T " = 18.k ¢/
x4 Rt U 89 om,. are ionlar interest.

O ' Kiastio deformaticn takes plaocs simultasecusly sith the applicstion of the
~ : P losd oo whiock the pro-effeot im rapidly supsriaposed, due to which the steeply
T P i rising curve inclines to the right. Howerer later, the steepnsss of the ocurve "
:ﬂ agein \noreases, so that therc is a point on it. The steeply rising upper
o2 the curve AqB7 oorresponds o the relatively rapid flow of the Irease.

At the polnt By the load was removed from the grease. The moticn of the
ourre of the elastic reacticc (B,C7D) shows that: (1) ox the curve Opa7By, the :
prooess of nomreversible plastic takes place, leading to the apearcnoe of - - e ,
s b conrsversible, residoal daforwation; (2) i1mmediately efter tho rumoval of thy L “
B R etrean, $he 'ayer of grease in which plastic fiow wae taking placs, becomes a T
’ oo s asans of tranmitting elastic deformation, 1.e. 1te etrucinre oan be restored fairly
griokly- -The elastic remction anpsaring on the onrve 18 explained most simply
by the faot that plastio flow Le intensively developed in the layer immsdia*«ly
adjoiniag the oore vhere the greatest shiar stress ls acting.
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, Ths residmal mass 0f the greaes is in an elastically strained condition.

After yatoviny the BLress, the reactlon provess Cakds place in’ it, duriog which

. the accninlatod slastic enszgy brings about the rotation of the cere of the torsion

elagtio gage. ‘

The mschanical propertiss of the bodiss cen bo illustrated with the ald of &
nimplification of the kinetic system of the mechanisms, consisting of 1deally
elastio springs, slides whioch imve & finite cosfficient of extermal frictimn ; and
platoos vhioh move in the visoous fluld. It can be subatentiated on the omsism of
experisents) data that the weohenical characteristics of greases at moderate
styesses ave gqualitatively illustrated by the system shown by Figure 3. Ip this
gystem, the parallel elements Ay and By move so that thelr stews always remain
horisontal.

Bootions of the lines BC, 01A3,C;,..., (Figurs 1) ocorrespeed to the deformation
of the spring &) (Figure 3). Tio motion of piston By and deformation of the
spriog A correspond to Lhe ourves showing the pre-effest and resction on Figurs 1.
Whenoe it also follpws that the numerical vaines of the shear modulus of the greass
glven sbows agree with the modulus of elastiolty of the spring 4.

The alide &, having a static ooefficient of friotion, indloates the presance
of the maximum shear stress ( 7 juy) in the grease. The slide moves wher 7 5 7
Nax, Its movement 1s connected with the displacement of the platon B, in the
viscous fluid. Gradval displacsment of the piston By corresponds o the proocess
- of monreversible plastic fiow of the lubricant.

When using the kicematio aystem, special attention must bo made to the
preaence of an S-bend 1p the curve (Figure ?). This indtcates the value
produced by the combimation of the stress and deformaticl Tor plastic flow.

When the apparatus 13 obarged with grease, by putting it in the glass in which
the cone on the elastic thread is immersed, the kinstios of grease deformation is
distiomished quantitatively and gualitatively from the above desoription. This
- fact oorresponds very well to the sffect which was found by Segalov in the Redbluder
e laboratory in working with a aone submerged in the lubricant. On Figare 4 the
upper part is the photogram of the Kinetics of grease deformaticn, tested by the
method desoribed above. Tho lower part is the photogrem of the grease of the
Y same coaposition, which was cbtained dy the usual method of mixing and pouring
he 1ato the apperatus afher a day of complete ocoling. In both ezemples, the kinetio
P . deformation was stndied ut the sams shear strecs. From a coaparison of the photo-
gems of Figure 5, it follows that: (1) for the second example, the pre-effect
and resctioc aie cuch more sharply expressed; (2) in a mixed groase, the abrupt
changs from the idezlly olastic defermatlons in solid-vizaons deformation,
charecteristic for Felvin bodies ie absent (the paralle) combimed spring and
piston in the visoous finid), whioh is poasibly ocomnected with the deorsase of re-
siatance of the elemsat By indicated oo Figure 3; and (3) at smell shear stresses
12 both cames, nonreversibla resiAual deformetion 1a absent.

In stoAying the elastic obsrasteristios of lubricaats, 1t is very important
to dstermins the mixes of the sonreversible dsformatlons. The di2ficulty here ise
connected with tie presence of tha prooess of elastio resction. Its speed 1s
gradually decreesed €0 that 1 10 entirely scuplotsd only after very lor. pericie
of time. Ae a result of this, residual deformation at any glven time is composed B |
of reveraible (in tims) and nonreversisle deforastinn. pes .

e Acosleration nf the process of elastic remction and its practical campleticn
w" R ) can be citainsd by increasing the temperature of ths lubrioant 10 to 20 degrees.
: : This makes it possible to sstablish approximate values of the nvarerersitle
resldra. deformation iu short periods of time. This is illustrated by the photo-
gruglgut 5). In the moment t = 0, the shear stress [ < 2.30 gfsq on wvar
applied.
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At the point A it waa inoreased to [ ~ 8.05 g/eq om; the rapidly ocowrring
ghaar, vhlch sorresponds to the lioe AB, is composed of elaatic deforwatica and
nonreversidle plattio deformation, wiloh oan tius be imposad on cne ancthor; at
the point B, the load was removed; B0 is the curve of elastic reaction; at the

« polat C the tempsraturs of the oil s inoreased by 10 degrees. ¥rom the sab-
‘ssquent_courss of the ourvs of slastio rezcticn (line CD), ons ckn see its
acoelsration dus to inoreasing the Lemperatures, 5o that at point D, the dscrease
of the vesidual deformeticn tes practically stopped and ths line HF ie horizontal.

Whon heating oils to speed up the ooourrencs of elastic reastiom, it 1s im-
portaat. to note tiat altarpate beahing snd cooling of greasss even at temperatures
far from their hoillng temperetnres, lesds to a haxdening of their struotuzes.

The iwportante of the problems exsmined in the prepent saation depsads maloly
o the fast that the possibility of stulying 1ubricsnts a8 slastis-solid bodles
bao bosn demonstreted. From this it follows, that the methods of inventigating
phem At rolitivsly low shoar strosses, and the phencmens %o be sxpected, ere
predoteruined, toa oonsidezabls sxtent, by fusts already known from the study of
tho deformations of solid bolles; 1in particular, from tho mschanival properties
of polycrystalline motals apd the higher fibrous polymors.

[peatst f1gures follow.]
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Figove 1. Kinetics of the Blestic Deformmtinns of Oreases.

Figaro 2. nmém 6f Elastio and Rlastic-plastio Daformations of Greases

o A -

¥igars 5. Simplifications of tbe Xinematic Systom, Illus-
) trating the Deformation of Oreases at Small Stresses.
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gure k. mnimoocm the Greases ot the
n Ninetios of mig‘tmuc Deformations.

200 M50 000 2570 S0 380 wlsec

Tigure 5. Iofluence of Feating on the Kicstios of the
Elastic Rosotion in a Greass.
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